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SPECIFICATION 
TITLE OF THE INVENTION 
INDUCTIVE HEAD AND MAGNETIC DISK APPARATUS 

5 BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to an inductive 
head for use in magnetic recording. 

Description of the Related Art 

10 With increasing recording density of magnetic 

disk apparatuses, magnetic recording media enhance the 
coercivity, and the track width of inductive heads for 
use in recording is made smaller. In addition, as the 
coercivity of the magnetic recording media is made 

15 higher, the thickness of the inductive heads is 

increased in order to provide a magnetic flux enough 
for recording. At present, the thickness of the front 
end of an upper magnetic core of the inductive heads is 
increased as compared with the track width, thereby 

20 making it more difficult to manufacture them. 

In order to solve the problems, Japanese Un- 
examined Patent Publication No. Hei 7 (95) -296328 
describes the structure of an inductive head having a 
trench with a smaller width than the width of the 

25 magnetic pole end of the upper magnetic core of the 

inductive head, and the width of the trench is defining 
a track width. 

As described above, in the inductive head 
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described in Japanese Un-examined Patent Publication No. 
Hei 7 (95) -296328 , the width of the magnetic pole end of 
the upper magnetic core is larger than the magnetic 
pole tip layer defining the track width. This structure 
5 can maintain the large magnetic flux on the front end 
of the upper magnetic core, so as to manufacture a 
magnetic pole tip layer having a small thickness and a 
track width with high precision. However, a large 
magnetic field is leaked not only from the magnetic gap 

10 portion but also from the front end portion of the 
upper magnetic core. At recording, the recording 
magnetic field is applied to the recording media in a 
region wider than a track width desired, thereby 
damaging adjacent information. 

15 As one of means of solving the problem, in order 

to reduce the magnetic field leaked from the magnetic 
pole end. portion of the upper magnetic core, the upper 
magnetic core is constructed such that the magnetic 
pole end surface thereof is recessed from the air 

20 bearing surface. However, in this case, as the magnetic 
field leaked is reduced, the recording magnetic field 
is small. 

SUMMARY OF THE INVENTION 
25 In order to realize a small track width, an 

inductive head according to the present invention forms 
a magnetic pole tip layer having a substantially track 
width at least near the air bearing surface between an 
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upper magnetic core and a lower magnetic core. 

In order to efficiently carry the magnetic flux 
to the magnetic pole tip layer, the top surface of the 
rear end of the magnetic pole tip layer is milled, and 
5 then the rear end of the magnetic pole tip layer is 

connected to the front end of the upper magnetic core 
having a width larger than that of the rear end of the 
magnetic pole tip layer, so as to realize a recording 
head having a large recording magnetic field. 

10 When the front end of the upper magnetic core is 

exposed from the air bearing surface of the magnetic 
head, the magnetic field leaked from the both side of 
front end of the upper magnetic core can damage 
information of the adjacent track. In order to avoid 

15 this, in the recording head of the present invention, 
the front end of the upper magnetic core is desirably 
recessed from the air bearing surface by 0.2 to 3.0 £tm. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is an embodiment of an inductive head 

according to the present invention; 

FIG. 2 is a contour line diagram of the in-plane 
components of the magnetic field intensity of the 
inductive heads according to the present invention and 
25 the comparative examples; 

FIG. 3 is a diagram showing a method of 
manufacturing the inductive head according to the 
present invention; 
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FIG. 4 is a cross-sectional view of another 
embodiment of the inductive head according to the 
present invention ; 

FIG. 5 is a cross-sectional view of a further 
5 embodiment of the inductive head according to the 
present invention ; 

FIG. 6 is a cross-sectional view of a still 
another embodiment of the inductive head according to 
the present invention; and 
10 FIG. 7 is a diagram showing a magnetic disk 

apparatus using the inductive head according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 Embodiments of the present invention will be 

described based on the examples with reference to the 
drawings. FIG. 1 is a model diagram of the inductive 
head according to the present invention, in which FIG. 
1 (a) is a cross-sectional view of the inductive head 
20 according to the present invention, and FIG. 1(b) is a 
top view viewed from the top surface parallel to x 
direction shown in FIG. 1(a). As shown in FIG. 1 (a) , 
the inductive head of the present invention comprises a 
lower magnetic core 1 on a substrate, an upper magnetic 
25 core 2, and coils 3 disposed around between the lower 
magnetic core and the upper magnetic core, the lower 
magnetic core 1 and the upper magnetic core 2 being 
connected by a back contact portion 4 in the rear end, 
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and being connected through a magnetic pole tip layer 
11 in the front end. the magnetic pole tip layer 11 
comprises a layer made by laminating a lower side layer 
of the magnetic pole tip layer 111, a magnetic gap 
5 layer 10, and an upper side layer of the magnetic pole 
tip layer 112. The distance from the lower magnetic 
core 1 to the top surface of the magnetic pole tip 
layer 11 of the rear end is smaller than that of the 
front end, and at least the rear end of the magnetic 

10 pole tip layer 11 is connected to the front end of the 
upper magnetic core 2. The width of the front end of 
the upper magnetic core 2 is desirably larger than that 
of the rear end of the magnetic pole tip layer 11. Thus, 
the magnetic flux is effectively flowed to the magnetic 

15 pole tip layer so as to provide an inductive head 
giving a high recording magnetic field. 

FIGS. 2(c) and 2(d) show examples of the 
distribution of the recording magnetic fields of the 
inductive head of the present invention. For comparison, 

20 FIGS. 2(a) and 2(b) show examples of the distribution 
of the recording magnetic fields of a conventional 
inductive head. In either case, the thickness of the 
lower side layer of the magnetic pole tip layer is 0.5 
lira, the thickness of the gap layer is 0.2 fim, and the 

25 thickness of the upper side layer of the magnetic pole 
end layer is 2.0 /zm. The saturation magnetic flux 
density Bs is 1 . 9T and the specific permeability jjl of 
the lower side layer and the upper side layer of the 
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magnetic pole tip layer is 1500 of Co-Ni-Fe. The write 
field distributions Hxz in the medium plane are 
calculated using a three-dimensional magnetic field 
simulator by Maxwell's equations in integral form. In 
5 the magnetic pole tip layer, the width from the front 
end to 0.5 jum is 0.34 jum, and then the shape is 
extended at a 20° angle to 3.0 jam. A difference 
between the length of the magnetic pole tip layer and 
an amount recession of the front end of the upper 

10 magnetic core from the air bearing surface is a contact 
length of the magnetic pole tip layer with the upper 
magnetic core. In either case, when the contact length 
of the magnetic pole tip layer with the upper magnetic 
core is up to 5.0 iim, the longer the contact length, 

15 the larger the magnetic field becomes. In addition, as 
an amount of recession of the front end of the upper 
magnetic core from the air bearing surface is increased, 
the maximum magnetic field and the magnetic field 
leaked from the end of the upper magnetic core are 

20 reduced. The maximum magnetic field is reduced abruptly 
when an amount of recession of the front end of the 
upper magnetic core exceeds 3.0 fim, and the magnetic 
field leaked from the end of the upper magnetic core is 
almost constant when an amount of recession is not less 

25 than 0.2 jam. Thus, desirably, an amount of recession 
of the front end of the upper magnetic core is 0.2 to 
3.0 Aim, and the length of the magnetic pole end layer 
is 2.0 to 7.0 Jim. 



6 



As in this embodiment, when the magnetic pole tip 
layer has a three-layer structure of magnetic 
layer/non-magnetic layer/magnetic layer, and the three 
layers have the same shape viewed from the top, the 

angle of extension is 5 to 45° , so as to increase the 
recording magnetic field. 

In the upper magnetic core, a width from the air 
bearing surface to 0.5 /i m is 1.34 Aim, and then the 
shape is extended at the angle of extension of 40° to 
the core width of 30 /xm. The lower magnetic core has a 
thickness of 2.5 /im, and the upper magnetic core has a 
thickness of 3.0 fim. The lower magnetic core and the 
upper magnetic core have Bs = 1.6T of 45Ni-55Fe, and /x 
=1600. The magnetomotive force is 0.36 At, and 
recording magnetic field distribution in the medium 
plane in the position 25 nm away from the air bearing 
surface is calculated using a three-dimensional 
magnetic field simulator by Maxwell's equations in 
integral form. The calculated results are shown in 
contour line diagrams for each about 40 kA/m (500Oe) . 
The sectional shapes of the front ends of the models 
are shown above the contour line diagrams.. In the 
diagram, the vertical direction indicates a down track 
direction, the horizontal direction indicates a track 
width direction, and the numerals are in fim. 

In FIG. 2(a) as one example for comparison, the 
front end of the magnetic pole tip layer has the same 
thickness as that of the rear end thereof, and the 



front end of the upper magnetic core is exposed to the 
air bearing surface. The maximum magnetic field is 633 
kA/m (7.97 kOe) , and the magnetic field leaked from the 
both side of the front end of the upper magnetic core 
is large and 252 kA/m (3.18 kOe) , so that information 
of the adjacent track can be damaged. 

In FIG. 2(b) as another example for comparison, 
the front end of the magnetic pole tip layer has the 
same thickness as that of the rear end thereof, and the 
front end of the upper magnetic core is recessed from 
the air bearing surface by 1.0 jam. The magnetic field 
leaked from the both side of the front end of the upper 
magnetic core is reduced to not more than 79 kA/m (1000 
Oe) , and the maximum magnetic field is reduced to 625 
kA/m (7.88 kOe) . 

FIG. 2(c) shows the inductive head according to 
the present invention wherein the front end of the 
upper magnetic core is exposed to the air bearing 
surface. The maximum magnetic field is 647 kA/m (8.15 
kOe) , and the magnetic field leaked from the both side 
of the front end of the upper magnetic core is 216 kA/m 
(2.72 kOe) . As compared with FIG. 2(a) as one example 
of the conventional inductive head, it is found that 
the maximum magnetic field is increased, and the 
magnetic field leaked from the upper magnetic core is 
reduced. 

FIG. 2(d) shows the inductive head according to 
the present invention wherein the front end of the 
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upper magnetic core is recessed from the air bearing 
surface by 1.0 Mm. The magnetic field leaked from the 
both side of the front end of the upper magnetic core 
is reduced to not more than 79 kA/m (1000 Oe) , and the 
5 maximum magnetic field is 642 kA/m (8.09 kOe) . As 
compared with FIG. 2(b) as another example of the 
conventional inductive head, it is found that the 
maximum magnetic field is large. With respect to the 
shape of FIG. 2(d) , when the lower and upper magnetic 

10 pole end layers have Bs=2.3T of 70Fe-30Co, and ju=100, 
the maximum magnetic field is increased to 717 kA/m 
(9.03 kOe) . When the track width is 0.6 ixm, it is 
increased to 788 kA/m (9.93 kOe) . The thickness of the 
magnetic gap layer and the shape of the magnetic pole 

15 tip layer are optimized, so that it is expected that 
the maximum magnetic field is increased by about 79 
kA/m (1.0 kOe) or furthermore . 

In the inductive head of the present invention, a 
recording head having a small track width of 0.3 to 0.6 

20 jim permits recording onto a media having a coercivity 
of 317 to 476 kA/m (4.0 to 6.0 kOe) at a high S/N and 
recording density. 

FIG. 3 shows one example of a method of 
manufacturing the inductive head according to the 
25 present invention. 

The lower magnetic core 1 is formed on a 
substrate 6, and then a frame mask for forming the 
magnetic pole tip layer is formed, so as to define the 
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lower magnetic pole tip layer lll f the magnetic gap 
layer 10 , and the upper magnetic pole tip layer 112 by 
a plating method. Thereafter, the unnecessary portion 
of the plating layer and the frame mask are removed 
(FIG. 3(a)). When a magnetoresistive head, a spin valve 
head, or a giant magnetoresistive head is used as the 
reproducing head, the lower magnetic core and the upper 
shield may be used together, or a non-magnetic layer 
may be interposed between the layers to be separated. 

Coils of the first layer are formed, and then an 
insulating layer such as A1203, Si02, or resist is 
formed. After flattening treatment by a chemical 
mechanical polishing method, the rear portion of the 
upper magnetic pole tip layer 112 is etched away using 
ion milling, reactive ion etching (R.I.E.), or wet 
etching (FIG. 3(c)). 

In this case, the rear portion of the upper 
magnetic pole tip layer may be etched away without 
flattening treatment (FIG. 3(c')). Flattening treatment 
makes the process complicate, but a desired shape can 
be easily given. The magnetic pole tip layer 11 may be 
formed before forming the coils. 

Subsequently, coils of the second layer and so on 
are formed, a through hole for the back contact is 
formed, the upper magnetic core 2 is formed, and 
finally the protective layer is formed (FIG. 3(d)). The 
back contact portion may employ the plating layer at 
forming the magnetic pole tip layer (FIG. 3(d')), or 
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may be formed with a" new magnetic layer. 

FIG. 4 shows a cross-sectional view of the 
inductive head of another embodiment of the present 
invention. As shown in FIG. 1, forming the magnetic 
5 pole tip layer 11 on the flat lower magnetic core 1 
makes it easy to process a small track width. A non- 
magnetic layer is interposed between the rear portion 
of the magnetic pole tip layer 11 and the lower 
magnetic core 1 so as to give a higher recording 
10 magnetic field. The same effect can be given, when the 
top portion of the magnetic pole tip layer is subjected 
to flattening treatment, as shown in FIG. 4(a) or it is 
not subjected to flattening treatment, as shown in FIG. 
4 (b) . 

15 FIG. 5 shows a cross-sectional view of a further 

embodiment of the inductive head of the present 
invention. In FIG. 5, the magnetic gap layer 10 is 
formed at least near the gap on the lower magnetic core 
1, a non-magnetic layer separating the rear portion of 

20 the magnetic pole tip layer 11 from the magnetic gap 
layer 10 is formed, so as to define the magnetic pole 
tip layer 11. Subsequently, using a mask including the 
magnetic pole tip layer 11, the magnetic gap layer 10 
in a region not covered with the mask at least near the 

25 air bearing surface and the top region of the lower 

magnetic core are etched away by ion milling or R.I.E, 
so as to form the lower magnetic core 1 and the 
magnetic pole tip layer 11 having a desired track width. 
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As in this embodiment, the magnetic pole tip layer 11 
is formed on the magnetic gap layer 10 and the non- 
magnetic step layer. As the angle of extension of the 
magnetic pole tip layer is increased, or the position 
5 of extension is close to the air bearing surface, the 
magnetic field is higher. However, as the angle of 
extension of the magnetic pole tip layer 11 is 
increased, or the position of extension is close to the 
lifting surface, it is difficult to process the top 

10 surface of the lower magnetic core near the lifting 
surface into the shape having a desired track width. 

In the present invention, the magnetic pole tip 
layer 11 having a small angle of extension is formed, 
and then the magnetic gap layer and the top portion of 

15 the lower magnetic core are processed into a desired 
shape. Thereafter, the rear portion of the magnetic 
pole tip layer is etched to be connected to the upper 
magnetic core 2 having a width larger than the magnetic 
pole tip layer. Thus, it is possible to provide an 

20 inductive head having high accuracy for the track width 
process and an intense magnetic field. The same effect 
can be given, when the top portion of the magnetic pole 
tip layer is subjected to flattening treatment, as 
shown in FIG. 5(a) or it is not subjected to flattening 

25 treatment, as shown in FIG. 5(b). 

With respect to the shape of FIG. 5(a), the three 
dimensional magnetic field simulator under the 
following conditions is used to calculate the magnetic 
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field. The lower magnetic layer comprises two layers 
made by laminating Co-Ni-Fe (1 . 9T) of 0.5 /im on 40 to 
60N1-60 to 40Fe(1.6T) of 2 . 5 Aim. The thickness of the 
gap layer is 0.2 /zrn, the thickness of the magnetic 
5 pole tip layer is 2.0 ixm, and the saturation magnetic 
flux density is 1.9T of Co-Ni-Fe. In the magnetic pole 
tip layer, the width from the front end to 0.5 /zm is 
0.34 /im, and then the shape is extended at a 20° angle 
to 3.0 fj.m. The front end of the lower magnetic core 

10 has a structure such that the region not covered with 
the magnetic pole tip layer or the non-magnetic step 
layer is etched by 0.5 jum. In the upper magnetic core, 
the width from the flying surface to 0.5 /zm is 1.34 jam, 
and then the shape is extended at the angle of 

15 extension of 40° to the core width of 30 jxm. The 

thickness of the upper magnetic core is 3.0 £tm, and 
the saturation magnetic flux density is 1.6T. The 
magnetomotive force is 0.3 6 At. The maximum magnetic 
field is 647 kA/m (8.15 kOe) f so as to give a recording 

20 magnetic field having an intensity slightly higher than 
that of the shape of FIG. 2(d). The portion of Co-Ni-Fe 
is changed to Fe-Co (2.3T) so as to give a maximum 
magnetic field of 722 kA/m (9.10 kOe) . 

FIG. 6 shows a cross-sectional view of a still 

25 another embodiment of the inductive head of the present 
invention. In the embodiment of FIG. 6, the coils 3 are 
formed on the lower magnetic core 1, and then the lower 
side layer of the magnetic pole tip layer 111 is formed 
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at least near the gap on the lower magnetic core 1. 
After flattening treatment, the magnetic gap layer 10 
and the upper side layer of the magnetic pole tip layer 
112 are formed. Subsequently, using a mask including 
5 the upper side layer of the magnetic pole tip layer, 

the magnetic gap layer 10 in a region not covered with 
the mask at least near the lifting surface and the top 
region of the lower side layer of the magnetic pole tip 
layer 111 are etched away by ion milling or R.I.E, so 

10 as to form the magnetic pole tip layer 11 having a 

desired track width. Then, after forming the coils 3, 
the rear end of the upper side layer of the magnetic 
pole tip layer 112 is etched away by ion milling or 
R.I.E. Finally, the upper magnetic core 2 is formed. 

15 The same effect can be given, when the top portion of 
the magnetic pole tip layer is subjected to flattening 
treatment, as shown in FIG. 6(a) or it is not subjected 
to flattening treatment, as shown in FIG. 6(b). 

FIG. 7 is a diagram showing a magnetic disk 

20 apparatus of one embodiment using the inductive head 
according to the present invention. There is shown an 
outline such that the inductive head according to the 
present invention is applied to the magnetic disk 
apparatus as a magnetic recording apparatus . The 

25 inductive head of the present invention can be mounted 
on a magnetic recording apparatus such as a magnetic 
tape apparatus . 

The magnetic disk apparatus illustrated comprises 
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a magnetic disk 1110 as a magnetic recording media 
formed on the disk for recording data in a recording 
region called a concentric track, a magnetic head 1118 
according to the present invention comprising a 
5 magnetic transducer for reading and writing the data , 

actuator means for supporting the magnetic head 1118 to 
move it to a predetermined position on the magnetic 
disk 1110, and control means for controlling 
transmission and receive of data by read and written by 
10 the magnetic head 1118 and movement of the actuator 
means . 

A plurality of magnetic disk apparatuses are 
connected to form a disk array apparatus having a large 
storage capacity. 
15 Embodiments of the present invention can provide 

an inductive head which can prevent the adjacent 
information from being damaged, have a small track 
width, and provide an intense magnetic field. 
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